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The present amendment responds to the issues raised in the final, action in the pending 
application. A single remaining rejection is of record - a § 103 rejection based on the combination of 
the Pain et al. (1996) paper and the Gibbins et aL (1990) reference. The withdrawal of the rejection is 
necessarj^ because the Examiner's interpretation of the Pain et al. and Gibbins et al. references on which 
the rejection is based, is demonstrably in error. Furthermore, the Examiner has asserted the existence of 
long-term cell cultures and the existence of chimeric birds that encode a transgene. No such 
composition or animal exists in the prior art and this basis for the § 103 rejection cannot be maintained. 

The sole remaining rejection to the pending claims is based on the Examiner's reliance on an 
isolated statement in Pain et al (199^) that: "Regardless of the number of passages, more than 50% of 
the hatched recipient embrj^os were. chimeras with nearly 33% of the plumage from donor phenotype". 
(page 2344 col 2 para 2). This is clearly a misquotation because the statement modifies the sentence 
above which states "Cells were collected from cultures after 1-3 passages". Hence, the meaning of the 
sentence is clearly that within the first three passages, chimeras could be produced. The final statement 
of the paragraph says: "The ability of long-term culmres to give rise to chimeric animals is currendy 
under investigation". Clearly, chimeras could not be made from cells that had been in culture for longer 
than 19 days as is explicitiy stated in the caption to Figure 8 of the reference. 

Furthermore, because the legend for Fig. 8 says "...chimeric chicks derived from White Leghorn 
embrj^os grafted with Barred Rock CEC cultivated during 3 to 19 days,'* there can be no evidence that 
chicken ES cells could be cultivated for periods sufficient long to establish a stably transfected line of 
ES cells. Again, the final statement of the paragraph says: "The ability of long-term cultures to give rise 
to chimeric animals is currendy under investigation." At that time, chimeras could not be made from 
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cells that had been in culture for long periods. The art does not contain any example of ES cells stably 
transfected with a transgene. 

To summarize, the Pain et al (1 996) paper teaches a culture containing cells which could produce 
chimeras, within 3 passages, when maintained in culture for 19 days or less — characteristics that are 
shared with mouse ES and EC cells. For a short period of time (i.e. up to 19 days) they would make 
somatic chimeras and for 7 days they would make germline chimeras. However, after longer periods in 
culture, they would make neither somatic nor germline chimeras. All of these attributes are described in 
the paper and stand in sharp contrast to the interpretation of the examiner. 

Gibbins et al. (1990) does not disclose selection of stably transfected cells nor the production of 

chimeras from these cells. Gibbins et al. (1990) specifically discloses that the goal has yet to be 

achieved. Gibbins et al. (1990) state: 

"A major problem that we have encountered is that we have not been 
successful in culturing chicken embr)^onic stem cells for any extended period 
of time without differentiation taking place." 

Thus, genetically modified stem cells necessar}^ to make the invention do not exist and the 
Examiner's proposition that the teaching of Pain establishes ES cells genetically modified stem cells (per 
Gibbins) cannot stand because Gibbins did not, and could not, produce genetically modified cells 
because the culture could not be maintained "for any extended period of time" such that transfection 
and selection take place. 

As recently as 2004, researchers in the field of avian pluripotent stem cells described attempts to 
make chimeras from embryonic stem cells in culture and did not report the creation of chimeras from 
any culture longer than 20 days. Petitte et al. Mechanisms of Development 121: 1159-68 (2004) (attached), 
see Table 1 . 
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The Examiner cannot legitimately contend that a reasonable expectation of success exists when 
the entire body of prior art cited by applicants and the Office reveal numerous failed attempts to create 
chimeras from cells held in long-term culture and do not reveal a single example beyond 20 days - even 
as recendy as this year. The claimed method is the only successful creation of a chimera from a cell 
culture greater than 60 days old. 

The Examiner also cannot maintain that the claimed chimeric chicken is indistinguishable from 
the prior art, because prior art chimeras do not have a stably integrated transgene. The Examiner has 
not, and cannot, cite an example in the prior art of a chimera having a transgene because none existed 
prior to the present invention. 

The Examiner's rejection of the facts established by the Etches declaration cannot stand because 
the rejection is based on the same misinterpretation of the Pain et al. paper. The statement that Pain et 
al "clearly teaches in- vivo differentiation of chicken embrj^o cells ... for up to 60 days[.]" is direcdy 
contradicted by the express language of the paper where the maximum length of 19 days is disclosed. 

Applicants contend that the pending claims are in condition for allowance and request such 
action accordingly. 

Respectfully submitted, 

ORRICK, HERRINGTON 6c SUTCLIFFE LLP 

Dated: January 24. 2005 
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PlurinDteiii cmbrvanic stem cdb undiffeientiatcil cdb capble of pioIifefatlOB and fielMwewal and have Ihe c^ty to (Mfffcremiata 

t^e^d mampulatlon^ the gcaom.. Plunpotent ««n ftdte to die chick havt been derived from «^ee X ^^^^^i^f^^lf ^ 
^^Hi g4 cells <KX:s)^b.^^ 

derivatives of the three pnnuiry ferm lay«». When grafted onm the chijri«dl«to«: memh««e, the KCs ff««^ » W of 
^^^tedcell types ««l atter^Jted to oqpnizc itito cginptex «ni«mes. la *dd5doti, when iti^ected ^^J^^^^^^^^ 

b Slwi^l^ upon the emtuir conditions end decreases with pai^age. Ukcwise. PGC-derived «m btyonJc germ eelb (HGC ) gn^ 
rii^i SS^^^ ^•'i diffctentiaaon in vitro. Int««liflgly, ehicfcenBG cells attribute to ^tic lineage 

fines of trtnsgenic chidcen. hav« been gnomtcd using ESCs or BGCs, N.v«^ pn«fes» ^If^^^^^^^ 
avion pluripotent stem cellg has been agniftcam. In d« fttore, the nns^ lo fimdamental questions regarfmg ttgrega&Mi of the nviaii gma 
llpe and the molecular baaa of pluripotency $houtd fofter the fnU uia of aviafl phmpotent stem cells, 
O 2004 Elsevier Ivebitd Ltd. AH rights reserved. 
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1. iDtrodocticnt 

/,/. Pluripot^m stem ceU litt^s in the mouse 

The ftrst plTiripotent stem cell tines were originally 
derivedi' from n^ospIanUibte germ cell tumdrS or terato- 
cwcinomas, and wW implex minors that consisted of 
undilJereotiated cells among tnany dififerentiated cell types 
derived from the prinasiry germ layers (Martin and Evans, 
1975). Stem cell lines isolated from these tumors, known as 
imbiyonal cfltcinoma^ cella (ECCs), w«tc used as an in 
vitro model to study the devclc^ent of the early mouse 
embryo (Martin. 1980) and itl $oine cases wheti injected into 
fhe blasiocyst could participate in the development of 



* CoireipDndlsg «itboc. TeJ.: + I-»19-r79-S032{ tsK + i-9l9-T79-2ei5. 

* |)t«MM KkbBtti Dcfvtment of IiUciirtion. LxrawAtote^^ I^fmy ^ 
RepofaV The Hoapiltl' Siek CUIikcn, Ui&vanity of Xxntwa, Toctmta. 
OBuCBiada.MSGlXS. 

^ Fresem BddmK pe piniutn tcf BUiteehrtotogy* NoitheMt ApfcalMOl 
UnivtKSiiy. KobiA 150030, CWoa. 



a normal aduH mouse (Mintz and nimensee. 1975). 
However, ECC* where often ancuploid and rarely gave 
rise (0 germ cells in chimeric mice after injection into the 
blastocyst (nimenstf snd Mintz, 1976). 

The obsexvation that teratocaioinonsas often developed 
after eeioplo transpiatitation of mouse embtyos suggested 
that pluripotent Stem cells Wild bo derived ftom the culbife 
Of early embryos. Using techniques shidlar to that for the 
culuue of £CCs Evans and Kaufman (1981) and MaitiA 
(1981) eStaMishcd lines of pluripotent stem cells from 
cultured mouse blastocysts. Utis second type of pltidpotent 
stem cell lines, now called etnbryonic stem cells (ESCs), 
could be maintained in an undifiettntiflDed State using a 
tnitotiijaUy-inactivated feeder Uym of embryonic fibto- 
hlasts yet retained the ability to fonn teratocarcinomaa upon 
transplantation, could be induced to diffiwentiale in vitro 
withapnlseof ictinoic acid, could fbfw embtyoid bofc»» 
and retained immtmological marken in cort»non with the 
iimer cell mass of the blastocyst. Most importantly, the 
ESCs gave rise to all tissue types iacluding ifae gemi line 
when injeelfid into teeiinent blastocysts. 
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The standard rflftihods for the establishment and cultyre 
<if mouse ESCs included the use of embryonic f broblast 
feeder layers thai provide a developmentally static ciivifon- 
nicnt to inhibit the pluripotent epiblast cells from differ- 
emiftthig while permitting proliferation. Subsequently, 
leukemia tnhibitoiy factor (LIF) was shown to be res^- 
siWe for maintaiiiijig embcyonic stem ccIIk in an undiffer- 
entiated state and allowed ESCs to be cultured without the 
use of feeder laycm (NichoUt ct al., 1990; Smith and Hooper. 
1987). Other cytoWnes such as lL-6. oflcosiarin M, and 
ciliary neutiophjc factor, which act through the spl30 
signalling pathway, could also subSlituta for LTF to naaintain 
mouse embryonic stem cells tn an undifferentiated state 
(Comwer el a)., 1993: Nichols et aL» 1994; Rose ct al., 1994; 
Wolf ct al., 1994). 

The third class of pluripotent stem cell lines were derived 
from post-migratory primordial germ cells (PGCs) isolated 
from the 10J'll.5dpc embryo using a combination of 
feeder layers* LlF. fibroblast growth factor-2, and stem cell 
factor (SCF) (Matsui ctal.. 1992; Resnick et al., 1992). Like 
ESCs, thew: PGC-dcrivcd stem cell lines were able to 
differentiate in vitro and eould give rise to somatic and germ 
line chimeras when injected into the blastocyst (Matsui et a!,, 
!992). Subsequently, the PGC-derived stem cell lines were 
called embryonic germ cells (EGCs) to di5itjngulsh their 
OTgjn from ESCb derived from the blastacyRL However, 
because of abnormal imprinting ii» EGCs dcvelopracntal 
abnormalities could arise in chimeras (Tada et al, 1993). 

2. Fluripotenl stem cells: the avian perspective 

Of the three types of pluripotent stem cell line^ Ifl the 
mouw, the cstabltehment of ESC lines bad the most impact 
on lescarch over the last 20 years. Since. BSCs could be 
injected into the blaytocysi to generate somatic and gcim 
line chimeras (Bradley ct al., 1984), they formed the basis 
for exquisite manipulations of the murine genome using 
homologous recombination, which has provided a powerful 
tool to examine gene function during development and in 
the adult animal (Capeccbi, 1989, 2001). Tn addition, mouse 
ESCs are used in vitro to study specific developmental 
piocesses and in studies to test the molecular basis for cdl 
jipecification. Because of these advantages, BSCs have been 
a^tabUshed for other rodents and other mammalian species 
such OS pigs, cattle, and shscp (PreJle et al - 2002), primates 
(Thomson and MarshalU 1998), and from humaa embryos 
(Shamblott ct al., 1998; Thomson et aL. 1998). 

During the last 15 ycarfi, those working with the avian 
embryo have watched with some envy as embryonic stem 
cell technology has matured to the point where the 
manipulation of the mouse genome in the form of 'knock- 
outs' and other derivative manipulations have become 
almost routine, Nevertheless, a few laboratories have taken 
the risk of attempting to establish pluripotent embjyonic 
stem cells from the early avian blastoderm or embtyonic 



germ cells from PGCs. The main impetus for the isolation 
and culture of avian embryonic stem cells has been the hope 
that such cells could be used to generate transgenic birds 
with specific modifications to the avian genome, a$ in the 
mouse. Therefore, the purpose of *is article is to colore 
the apptoachCB towards the culture of avian stem cells and 
dietr current utility. 

2.L Early avian germ line chimeras 

One of the wonderful advantages of the avian embryo is 
its accessibility. Since die avian embryo is self-contained in 
a calcified eggshell, it lends itself to direct manipulation. 
This feature has been utilized to produce somatic diimcras 
of various types through tissue grafts, chorioallantoic grafts, 
parabiosis, yolk $ac chimeras, and neural tube chimeras (Le 
Douarin and McLaren, 1984). However, in order to utilize 
any potential avjan e»kbiyonic stem tine for manipulation of 
the avian genome, it was necessary to develop a reliable 
means of producing germ line chUnenw analogous to that 
produced by blastocyst injcctioti of murine embryos. 
Marzullo (1970) was the first to transfer cells from one 
unincubated chick blastoderm to another and showed that 
after 14 days of incubation, some of the donor cells from 
pigmented Rhode Island Red and Barred Plymouth Rock 
(BPR) breeds were jncorporatcd into non-pigmeoted White 
Leghorn (WL) embryos. Unfortunately, none of the 
embryos survived to hatch. Two decades later, Pctitte et al. 
(1990) demonnratcd that this technique could be used to 
generate germ line chimeras. In diis case, dispell cells 
from stage X BPR blastoderms were injected into the 
subgerminal cavity of freshly laid WL embryos. The black 
pigmentation of tfie BPR breed is due to homozygosity at 
the dominant white locus Qfi), while the WL line used was 
homozygous dominant at the dominant white locua (I/l). 
Hence, feather pigmentation of somatic chimera^ was 
readily visible. In addition, DNA fingerprinting could be 
identified donor BPR ONA in the blood and Bcmcn of the 
chimera- Test mating of the BPR/WL chimera with BPR 
hens confirmed germ line transmissJon of the dontir cells 
even though the frcqwcncy was low. Since thai time* avian 
germ line chimeras can be produced routinely using 
blastoderaial cell transfer. Otie of the key features of the 
process is to ^compromise' the recipient etnbiyo with a 
subletlial doae of gamma irradiation (Carsience et al.. 1993) 
or through the removal of cells from dre area pcllucWa 
(Kagami et al, 1997). Both of these techniques allowed the 
fbrmation of chimeras with high efficiency. The production 
of somatic and germ lioc chimeras using caily bln-stodemial 
cell transfer suggested that it might be possible to culhire 
pluripotent cells from the stage X embiyo. 

2.Z Avian embryQ culture 

Another important technique that allows fbll use of 
BSCs is ability to culture manipulated embryos to hatch. 
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Over the last century, vjoious procedures have been 
developed for th« CTJlture of avian embryos. This ranges 
ftom classic culture method (New, 1955) whcte 

OTincubated embryos are cultured outside of tha egg for a 
few days to suxrrigaie eggshell systeni? where the embryo is 
cultured ex ovo from fertilization to hatch (Pcny, 1988). 
Most techniques are designed for a specific 3tage of 
development and for a pwticular duration (Scllcck, 1996). 
For the purpose of hatchfaig soreiatic and germ line cWnwrw 
afto blastodcmiB] cell transfer* the options are to simply 
milce a window in the egg <>r to udliw Runogatc eggshells. 

Recently, Spcksnijder and Ivarie (2000) described a 
windowing technique where the shell is ground off and the 
opening is covered in phosphate buffered saline before the 
sheU membrane is cut this permits access for the injection 
of cells into the embryo but allows no air to enter the egg, 
which ifl detrimentiJ to survival. After the injection, the egg 
is sealed with a piece of moist jihell membraTic, fillowed to 
dry and covered with Duco* cemcnL Hatchability improvwl 
from about 8% for the usual windowing protocol to about 
34%. In addition. Bednarczylc et al. (2000) reported 
improvements in hatchobility after eggs were Stored for 
5-7 days with the window made in the blunt end of the shell 
over the air cell. 

An alternative to the windowirig techniques described 
above is to use ex ovo culture. This t.s based upon the 
pnscedures of Rowlett and Stmldss (1987); Perry (1988) 
whore two suTTOgace eggshells are used, one for the first 
three days of mcubalion and another where turkey eggshells 
are used to culture three day chicken eggs. Recently, 
Boiwornpinyo (2000) optimised the hatchability of cultured 
chicken embryos from freshly laid eggs using surrogate 
eggshells- The modifications to the original methods of 
Perry (1988) improved hatchability from die usual 20-50 to 
over 75%. 

Hence, two of the main cc^mponents for the application of 
avian ESC technology, the ability to produce somatic and 
germ line chimeitis and the nihility to cultmie these 
manipulated embryos to hatch have been established for 
some time. These technological developments were 
encour^igjng and provided a frameworic for using avian ES 
cells. 



Avian embryonic stem cells 

^.7. Culture methods 

Most efforts to culture avian embryonic stem cells have 
focused on the stage X unincubated blastoderm or FGCs 
(Pig. 1 ). The choice of the stage X embryo is a practical one. 
Tt is the earliest and the most convenient stage to obtain 
without having to induce premature oviposition, and 
somatic/germ line chimeras are eQ.sily made using cells of 
the stage X area pellucida thereby facilitating tests of 
plaripotenQT. The next step was to culture pluripotent cells. 



Etches et aL (1996) cultured whole explantcd st^ X 
embryos and dispersed embryo cells Hi a monolayer, or 
cultured dispersed cell s on a feeder layer of mouse fibroblast 
for 48 h. Cells from the three culture systems produced 
somatic chimerw when injected in to etage X rTx:ipient3 bur 
at reduced rate compared to that observed with uncultured 
cells. The blastodcrmal cells cultured with mouse embryo- 
nic tibTOblasts yielded significantly more $omatio chimeras 
than whole explants or dispcr^jcd stage X cells cultured 
alone. Interestingly, contributions to the germ line were 
observed at an equal frequency regardless of the conditions 
of culuire, but were significantly reduced compared to the 
frequency and rate of germ line transmission using 
uncultured cells. Similar short-txsrm oiltuns of stage X 
bb$todermal cells has been repoited by Du and Jiug (2003). 

Pain et al* (1996) cultured blastodeimal cells from stage 
IX-XI chick and stage X-XI quail embryOR and reported 
conditionft that allowed for the long-term culture of 
pluripotent embryoDte stem cells. Using alkaline phospba* 
tasc as a marker of pluripotency, the best rcaultt were 
obtained with a comWnation of humw UP, FGF-2, avian or 
murme SCF, and n- 1 1 on a feeder layer of inactivated STO 
fibroblasts. To neutralize any possible induction of differ- 
entiation, an antibody against lutinoic acid was also added 
to the media. Like that observed for mouse ES<X UP 
appeared criticul to the long-term proliferation and survival 
of the cultures. In addition, LIF was required to maintain the 
expression of several markers associated with an embryonic 
stem cell phcnotype. viz. SSBA-1. EMA-1, and EMA-7. 
Furthermore, telomerase activity was maintained in the 
avian ESC cultures after multiple passages, but was down- 
cegulatcd after a pulse of retinoic acid. 

In our laboratory, we tested the culture of avian 
embryonic stem cells using heterologous and homologous 
feeder layers and conditioned media (Pedtte and Yang, 
1994; Petitto and Mozdzlak, 2002). DJi^sociated cells from 
the vnhicubated chicken blastoderm ai stage X were initially 
cultured with STO feeder layers, primary chick embryonic 
fibroblast (CEF) feeder layers, or media conditioned by 
buffalo rat liver (BRL) cells (Sraltti and Hooper, 1987) or by 
fhe chicken hepatocaicinoma line LMH (Kawaguchi et al.. 
1987). None of these components alone could maintain the 
blastoderraal cells beyond two passages. When die combi- 
nation of primaiy CEFs and media conditioned with the 
LMH cells were used to culture dispersed cells from die area 
pellucida of the stage X embryo, the cells very quickly 
differentiated into the primaiy fibroblast feeder layer. TWs 
was unexpected since both primary CEFa and media 
conditioned with l-MH cells are capable of maintaining 
mouse embryonic slem cells (Yang and Pctitte, 1994). In 
contrast, an STO feeder layer combined with BRL 
conditioned media maintained chicken blastodcrmal cells 
for over 20 passages. Initially, such colonies contained cells 
heavily laden with lipid droplets* which were eventually lost 
with subsequent passages. By the thhd or fourth passage, 
most cells exhibited an ES-like phenotype, namely, a Urge 
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vitro, and fonn <AmatlG chimcftift «r germ line cWmaw (ft^cndlng upon (ho iitoi;^ of ilw recipient embryo. 



translucent nucleus, a prominent single nucleolus, and 
rfilative littl(^ cytoplasm (Fig. 2). All ES-like cells attached 
to each other and generally grew in colonics with a well- 
defined border. Unlike mouse ESCs, th« blastodcrniaJ cells 
would invade the STO feeder cells and attaeh directly to the 
surface of culture dishes. In a similar manner to that 
observed by Pain ec al (1996), our ehiclcen ES-like ccllfl 
ncpre$8ed SSBA-I and EMA-1 untigens. which wef« lost 
after ictiiioic acid-Induced dtfiferenttation (data not ^ihown). 
Another chardcteristic of the ESCs is the presence Of a 
single nucleolus rather than two nucleoli the latter being 
associated with differentiation of the unjcubaced embiyo 
(Rflveh et aL, W6). Hence, it is possible to culture cells 
from the Stage X blewtoderm that maintain an embryonic 
stem cell-like phenotype for several passages. 

The ficcond approach towards^ the culture of pluripotcnt 
avian stem cells has been through the adaptation of the 
methods used to culture moase EGCs. Avian PGCs undergo 
a rather circuitous journey from their loealiwitioii in the 
germinal crescent after gastrulation to their final residence 
in the germinal ridge 72-96 h after incubarion (Nieuwkoop 
and SvtaHurya, 1979), During this time frame, it i.n possible 
to harvest PGCs from embryonic blood samples at stage 15 
or from the undifferentiated gonad in older embryos. 
Several groups have attempted the short term culture 
chicken PGCs with the goal of using the cultured cells as 
a means of developing transgenic birds (Chang et aln 1997, 



1995a,b; Ma et al, 2002; Karagcnc and Pctitte, 2000). With 
this in mind, Park and Han (2000) cultured chick embiyonic 
genn cells from PGCs harvested frT?m the undiflTcrentiated 
gonad and estabUshed cultures for several months. Dis- 
persed stage 28 gonadal cell^, consisting of ntroma and germ 
cells, were cultured in the presence of SCF, LTF, FGF-2, 
TL-ll, and insuUn-likc growth factor-l (IGF-I). From this 
initial seeding, the stromal cells appeared to generate a 
feeder layer to support die growth of die germ cells into 
colonics. After the first 7 days, the loose colonies of germ 
ceTls were paiised onto chick embryonic feeder layers that 
were not mitotically inactivated, Unlike avian ESCs or 
mouse EGCs, the clucken EGCs did not attached to the 
feeder layer nor could they be nmintained usmg mitotically 
inactivated STO cells or primary CEPs. The reasons for the 
latter observation remain unknown. The EG cells were also 
SSEA-1 positive and periodic acid-Schifl positive, which 
are Indtcadvc of PGCs. 

3.2, !n vitro d^erentintion 

One of the characteristics of pluripotcnt stem cells is 
their ability to differentiate in vitro. Avian ES ccllfl are 
capable of undergoing differentiation in itsponse to letinoic 
acid and can form cmbryold bodies while culnincd as a 
.suspension (Pain ct al,. 1996). The spontaneous differen- 
tiation of avian ESCs included nerve cells, red blood cell 
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Fig. 2, Phase contraat view of avian embryonic ytetn cclte. ttspcrficd oeMfc 
ftcptn Ihe ana peHucido of ^ta^p X erabiyoF w^m leed onto 5TO feecfcr 
laycn find euhurad m 809» BRL-conditioned m«d1a. (A) One dny after 
5ttdinB, the etaicJE cel1$ hive ittaehed id the feeder layer in small ctumps 
wiih highly T^ftactivfi Kpid dropJets. (B) After 7 daya of ?u]Uiic« cnldn'iCA of 
cfillx wbh an ES-^iVe morphology are vi»ihte consisting of a larfte nucleuB, 
IKUc eytnplnsm. and pnxnuKnt micleolQa. (Q mognlflcation of a 
colony Af fiS eellfl afkcr 11 dAyA ofcultiire^ ScqU htt, IDO 

hcmatpoiesis and muscle cells (Pain et al., 1996), Likewise, 
Park and Ha^o (2000) nponod chat the chickco EGCfl could 
fann simple embiyoid bodies after removal of the feeder 
layor and LIP f^om the media. Other than these two rcportft, 




Fiz> 3. Hiftolofiical KCtions iivined widi herootoi^lii) and cosin of 
(cratoniQ-HIca jttfuctaccs obtained aitor srHftiog cIctmfM of ES cells oil the 
CAM pf 9 day embryos. (A) Low ma^i t^ntion of tumor showing 
orgiuiixed cpitbclial Hi»ed hmwBB rei5»otw of hcmatppoie«l«. and 
fifaMbla.it-tikc cclK (B) mg^ raagnifiontinii a section whh a xtrailflcd 
and keratintzed tut^ overlying ce]l5 thai appear to hnve Mcreted a 
cartilBjinous m&Ute, and loose nb(nhla<tt cells. (Q 5lmd vcasela (b) 
entered the eimor and spread ihrxjufth the flbroblftst rncsenebyrac. (D) High 
msj^nitieaiiea of the box in C ahowlng an onutually ofg onized lei^ieii. 
Gr^ifting cf wbtdc Ttq^ X embryos onto Hit CAM produced similar 

in vitro differentiation of avian stem cells has yet to be fully 
exploited. To assess the pluripotency of our avian 
embryonic stem cells, wc examined their ability to 
differentiate on the chorioallantoic membrane (CAM) of 
9-day chicle embryos. Briefly, cotonies of avian ESCs 
cvltures exhibitijig an embryonic stem cell phenotype were 
iranspUnKsd to the CAM of 9-day embtyos. As a control, 
whole stage X embryos were also grafted to the CAM 
(McLachlan, 1982). After nine days of incubatioTi, the grafts 
WOT removed and sectioned. The under these conditions, 
the cultured avian ESC^s and the whole explatited stage X 
embryos developed into teratoma-iike stmctvre$ that 
attempted to form organized tissue (Fig. 3A-D) and 
fitimulated angiogenesis from the CAM into the tumor 
(Fig. 3D). Regions of hcraatopoiesis* epithclial-lined 
lumens of various ^7jcst, cells embedded in a caiti]3ge-lt1ce 
matrix, and higfaly keratinized cells on Che surface of the 
graft were observed. Similar, though not identical, obser- 
vations were made after grafting mouse ESC-derived 
embiyoidbodies onto the CAM of the chick embiyo (Gajovic 
and Grass* 1998). 

i.J. In vivo digtrtmimim 

While cells cultured from the stage X blastodenn may 
look like ESCs and express marker? associated with 
pluripotency, the most significant test of developmental 
potential lies in their abihty to generate somatic and germ line 
chiTncias. In this regard, Pain et al. (1996) repotted that 
blastodcrmal cells cultured from I -3 passages were able to 
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yield $c»matiq obirncrw. These wotc cvaliaaied using feather 
color as a ma/kcr. In addiiion, 2 chickcnii generated from 
cells oil turtsd for 7 days were fpund tg be germ H nc chimeras. 
Park QDd Han (2000) reported that 4th passage EGC cultures 
establifihed ftxmrt WLs gc»nad5 were capable of gencratijig 
feather color chimeras when injected into the Korean Ogol 
X fowl, a bird with black plumage. In addinon, PCR-ampIilled 
Wl^$p<scific DMA was detected in the heart, !iv«r, muscle 
and gonads of some cHtcks, suggescin|; that the cultured cells 
could give rise io varioiu cell types ]d viva Subsequendy, 
Pork et al. (2003) injected WL BCCs into the doisal aorta 
stage t7 Ogol embryos. Fluorescent-labeled ECCs from the 
second pfiji^age were f<^und to take tip residence in the gomid 
at 5.5 days of incubation. Subsequent test matings of hatched 
chicks indicated that tiio cultured cells gave rise to functional 
gametes. Apparently, the cultured EGCs functioned mote 
tike PGCs and probably were restricted to the original germ 
cell lineage since siriiilai results were obtained with PGCs 
cultured for 5 days (Ha et al., 2002), 

We examined the ability of cultured ESCs to incorporate 
into rccipjont embryos and to give rise to various tissues 

' taial Mate 2 Feraate 

M b TBflfiLv^S HBrSHLvm Oin HLv bmf M 



0*: 



Pig. 4. DciectiaD of W dvroraoeoinc DNA In two male enbryoi roDowing 

the izvjccHoxi of fcmsk BSCs into atagc X embryos. BSC» eohurci were 
inititltwJ with ftmnle rtage X cells and cultured for 5 wcetoi. Cotonics were 
pictiid and iTycd^^ into rcdpiem stn^e X cmlnyofl, After 10 daya of 
ifituiwrifin, phenotypiCAlly male embrynj: were tett^ fnr the prexence of 
female DKA In vaHoiu Uiuucil (A) ?Q!k ampfiRcAllon nf W chmmMOtna* 
specific DNA from two phenotypjcally mate ambfyoii ami a eomfDl femala 
emteyo. (B) Soutbecn blot of gel in A usine a probe intetnal Vu flic 
ampHflcathm pmduct For mate 1, fenute DnA was detBCted in the tcstU 
(T), bmln CBr)* liver (Lv), akin (S) and tiean (HJ, but not in blood (BL) or 
die IniMtine (in). Id male 2. female DNA was JMeaed in brain. <k\n, hcurt, 
H vcr and intEKtinc Cnntml bnei cnnxisted nf female emhryonic ovnry (Q>, 
inteatlnc. heart and Hvcr. Other lane»: M. molecular xize markers 100 l)p 
tndder b, wnttr btank: n, pvrlfied male DNA: f. purified fcjnsle DNA. 



using mi^ed-sex chimeras. Chick ESC cultures were 
eiiiablijihed with fcmulc embryo^, ch«scn uftCT PC R -screen- 
ing the area opaca for the presence of W chromosome- 
.specific DNA (Pctitte and Kegclmcycr. 1995). Subsqucntly. 
colonies of ESCs were individuaJly picked and injected into 
irradiated recipient unincubated embryos of tinknown .sex to 
form chimeras (CaisiencQ ct at.. 1993). After 10 days of 
incubationt phenotypic male embryos were screened for the 
prcscnoq of the W chromosome DNA, Fig, 4 shows the 
presence of female-specific DNA in several dssues from two 
male embryos, indJcatifis that some of the dotior female 
cells were incofporatcd into the male embryos. Given this 
result, we established cultures of aviaa ESCs from BPR 
embryos, carefully picked colonies of ESCs and injected 
them into irradiated donor WL embryos known to be 
homoEygous for dominant white. Somatic chimeras were 
produced using ESCs cultured up to 8 weeks (Rg. 5). Of 
these chimeras, 3 males were found to be germ h'ne 
chimeras (Table 1). Nevertheless, it appeared that the level 




Fijj. 5. Snmoric nnd njemi line chlmcnip pePCTuted w»ln^ cfileVm H50 
initiated with Barred Plymouth Roek fifnbfym and iojaeifid inm Whita 
Leghorn recipient Mage X erabryoR. (A) Newl> hatcbed rcothcr ctAar 
cbimcTTc chicfai generated with ES celU cultured for 7 daya. (B) A matorc 
male from the gxttup that vrax tesi miUed with banied roek hcrv nnd wnx ii 
Scm line Chi men. 
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Table L 

Ccnn Irne tr(MumiMi<M ttsuHa of BPR/WL chlmcraR moled to BFR fowl 



Chimeni ^ex 
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While 




% Gem 
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dilracra 


BSC 


Leghorn 


Flymouih 


line 








eulture 


chiclcd 

ao 


Rock 

chictoc 

Cu) 


tninKmiisJ^i nit 


1841 


Male 


Ym 


7 


181 


S 


1^3 


1842 


Mnle 


Yei 


7 


211 


1 


0.47 


1845 


Mnle 


Yes 


7 


179 


4 


2.18 




Malt 


No 


7 


211 


0 


0 


184? 


Ptnulc 


No 


7 


175 


0 


0 


1849 




Yeji 


7 


I7fi 


0 


0 


em 


Ftom(J& 


No 


7 


MS 


0 


0 


4330 


MaJe 


Yc* 


9 


197 


() 


0 


4528 


MpIc 


YfiR 


9 


171 


0 


0 


4532 


Mala 


NA 




177 


0 


0 


4536 




No 


9 


92 


0 


0 


1593 


Fenuile 


No 


20 


36 


0 


0 



of feather color chimorUTn and the frequency of getm line 
tnuismission decHmod with subsequent passa^c^ (Table 1). 
Givea that only early passage cells have been able to give 
rise to £;erm line chimeras, defining optimal culture 
condidcmi; Ut maintain pluripotency is key to using these 
cells to generate tr£mAgenic birds. 

4. G^oti'c modiflcatSon of plnilpotent stem cells 

One of the most obvious applications of ESC tcchnolcy^ 
Is the ability to genetically engineer changes to the genome 
to develop transgenic animals. The application of this 
technology to the modificatifin of the avian genome is 
important for a number of reasons. Hr^t, the thick embryo i s 
a major model of early veitebrate development The iQccnt 
seq\?cTicing of the chicken genome should foster compara- 
tive developmental genetics across other model vertebrate 
systems. Secondly, targeted modifkatioD of eomtncreial 
poultry i^ckR using pluripotem stem cells will {Jlow 
changes to specific loci that would have value for tiic 
world-wide production of animal protein in the form of 
poultry mcfiL Thirdly, the domestic hen is extremely 
efficient at protein synthesis during the formation of die 
egg. This aspect ha3 attracted the attention of the 
pharmaceutical industries that need a means of producing 
therapeutic proteins cliat are post-transcriptionaJly mcxli6ed 
for proper biological function. Hence, strategies to oansfect 
pluripotem stem cells arc an important component toward 
utilizing avian stem cell technology. 

Various reports have indicated that ftesh blastodcrmal 
cellfi are amenable to transfection using liposomes (Brazolot 
ct at.> 199t ; Fraser ct al., 1993; Rosenblum and Chen, 1995). 
in Qvp elcctmportation (Muramatsu et al., 1997: Wei ct al., 
200I}» or viral vectors (Bosselman et al.. 1989; Salter ctal., 
1987; Thoraval et al., 1995). With the exception of viral 
vectors, the effidencir of DNA integration is too low to 



cTcpect sufficient germ line transmission « even after ennch> 
ment of the celU expressing the transgenc (Spcksnijdcr, 
1996). The culture of pluripoient stem cells should allow the 
selection of cells that have integrated the transgenc and 
would allow cells to undergo targeted changes to the genome 
through selection of homologous recombination events (Liu, 
1995). In 1999, ct al. optimized the transfecdon of avian 
ESCs using various liposomes preparations. Typically, the 
efficiency of cadonic liposome mediated tran sfection is 
reduced in the presence of seram. and avian BSCs do not 
survive traosfcction in the absence of serum (Fnin et al., 
1999). Using minimal lucrum concentrations, Pain et al. 
(1 999) observed that difFerentiated cells were more receptive 
to tiansfcctlon then undifferentiated cells, but were able 
to select undifferentiated ESCs for neomycin resistance. To 
date, no reports exist using tranisfected avian ESCs to 
generate germ line chimeras with transgenic progeny. For 
these reasons^ the major approaches to avian trvi^genesis has 
been through retroviral vectors and inicroinjection of DNA 
(Sang. 2004). 



5. Other applications 

Avian pluripotent stem cells can be used for a variety of 
applications beyond that to generate transgenic birds. 
Depending upon the procedure u^ed, the formation of 
somatic chimeras using freshly isolated stage X cells can 
result in a 'camera' that is almost visually indistinguishable 
from the donor phcnotype. An interesting prospect would be 
to cidtore avian stem cells from genetically supenor birds 
and use the cells to generate high-grade chimeras that would 
t^pcar to be virtually genetiealty idemical. With adaptation.^; 
to high-throughput in ovo vacdnalion technology, it could 
be possible to generate high-grade somatic ehimeras tben^by 
shoneiung the time needed for conventional poultry 
breeding programs to generate superior stock (Ricks et al.» 
2003). In addition, pluripotent aviso stem cellA could be 
used for in vitro pharmaceutical application? such an human 
vacuine development, which often tequires the use of 
cmbryonated eggs, or in vitro human therapeutic protein 
production. Finally, embryonic stem cells could be deve- 
loped from current lines of transgenic chickens that express 
a reporter gene (Mozdziak et al., 2003a,b). thereby 
providing stem cellfi with a cell lineage marker that could 
be traced in vitro and in vivo. 



tf. Remaining questions 

The lack of any reports, published or otherwise, on the use 
of avian ESCs for the ptoduction of transgenic chickens 
brings to the itne several qucstionft regarding the relaUonship 
between embryonic stem cells and avian FGCs. In the mouse, 
the pluripotency and self-*renewal of embryonic seem cells 
appears to be maintained fhrough the action of three 
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transcriptiort factors* Oct-4, StJ£it3, atid Nanog (Chartibers 
et al.. 2003; Mit^iui et a]., 2003). M wuc ESCs require Oct-4 to 
avoid differentiation into trophcctodtrm and Nanog to 
prevent tlie development of primitive cndwlCTtn. Oci'4 and 
Nanog work in ooticcrt with Stat3, activated by LIF/gpl30 
signaling, to support the maintenance of pluripotency. 
Elevated t^Epression of Nwjog can compensate for the 
LIF/gpl30/Stat3 pathway and can niaintain self -renewal or 
ES cells. Hence, the two transcriptioTjal pathways act 
ittdependently. Eliieldatins the molecular basi<: for pluripo- 
tency in other major vertebrate models such a$ the chick may 
go a long way toward developing robust methods (o culture 
pluiipotent avion stem cells. Unfortunately, attemptj; to clone 
avian Oot-4 have been unsuccessful (Soodeen-Karamath and 
Gibblns, 2001); however, Horiochi ct al. (2004) recently 
reported the idcaitiCcation of avian LIF. Again, the sequen- 
cing of the avian genome and its public availability j^houldgo 
a long Way towards understanding the nature of pluripotency 
in avian stem cells and yield some significant difTerpnceii 
compared to jn^nimals. 

An additional hypothesis compounds the relationship 
between embryonic stem cells and germ cells. Recent work 
cin the origin of avian PGCs suggests that the chick could 
follow the prefonned mode of genn cdl development. 
Originally* avian PGCs were thought to erisc from the 
hypoblast (Swift, 1914), then hypoblast/epiblast cxplants 
between qvail and diiclc embryos indicated that the cpiblast 
was the source of the germ cells in the germinal crescent 
(Eyal^ladt et al., 1981). Subsequently, early germ cells 
w^ thought to arise gradually ihrougli an epigcnetic 
process beginning with the stage X embryo since germ cells 
could not be cultured using stage IX embryos, except when 
placed on an feeder layer of STO cells (Karagene et al., 
1996). However, Taunefcawa et »L (2000) reported that the 
expression of chicken vasa homolog (CVH) corrcUtcd well 
with the identiflcatioD PGCs and eould be traced back to 
presumptive PCJCs in the early cleavage embryo. Fuither- 
more, vasa protein formed part of a mitochondrfal cloud* 
often associated with prefoimiptic germ plasm in o^cr 
vertebrates suggesting that avian PGCs eould be predeter- 
mined in eariy cleavage embryos. A definitive answer to the 
preformation vs. cpigenotie mechanism of avian germ cell 
development has crucial implications for the use of 
blastoderm-derived ESCs fox the production of germ line 
chimeras and transgenic chickenR. If avian germ cells are 
predetennined before ovipoisti^^n in the early cleavage 
embryo, flicn it is doubtful that, given current technology, 
germ cells could arise in vivo from introduced avian 
embryonic stem cells. Avian EGCs would alRo have a 
similar problem when Injected into the stage X embryo. In 
that case, the only route to targeted manipulation of the 
avian genome is through the culture of POCs that retain 
their ability to migrate to the gcrmiiial ridge. The recent 
report of germ line chinkeras from EGCs injected into 
stage 17 embryo$ argues that these cells are raoie like PGCs 
Chan EOCs (Ha et al.. 2002; Park et al. 2003). Fortunately, 



the question of developmental problems a^AOciated with 
impriming of the germ line m^ be relatively minor since 
imprinting appears to be absent in bird^ (Nolan et al„ 2001). 

7« Conclusions 

Progress towards the culture of avian pluripotent stem 
cells has been remarkable given the handful of laboratories 
working in the field. There have been many attempts to 
develop pluripotent stem cells in other mammals besides the 
mouse; however^ none have resulted in geimline chimeras. 
On the odier band, chick pluripotent stem cells have resulted 
in germ line chimeras. 

Stem cell biology is a rapidly expanding field diat now 
encompasses not only embryonic stem celb at>d cmtjryonic 
geim cellA, but small populations of aduh stem cells. While 
the efficiency of germ line chimezism of avian ES and EG 
cell? is low and appears to be best from early passages, as 
our knowledge of pluripotency expands, so will the 
potential for using the avian system.. 

AckDOwledgemntts 

The authors would lilce to thank the technical assistance 
of M. Kulik, L. Karagene, and S. D'Costa. The work of Jeff 
Hall and Becca Barnes in the management of the birds is 
greatly appreciated. Jennifer Petitte contributed to the art 
work for this manuscript. Portions of the work reported were 
supported by the NCARS, and grants from the NCBC 
(#9113-ARG-0412). USDA-NRI (#91-37205-6320 and 
#94-37205-1031), and Origpn Therapeutics. 



References 

Bccbunwyk. M.. Lakota. P., SLw^k, M-. 2000. IirproYcnwfrt «f halchablUty 
nf ehlcken eggs iiy«cted by blaiitodeTai ccH*. PonlL Set. 79, 
1825-182R. 

B^TrwMkfAnyo, S. (2000). OptiftttI hatchability vf culiufed chicken 

embcyos fiom ficshly bid cfiss in wnoffOe esftMb. MS Xhm, 

Noitli Cuulinii StidA Uirivwiity. 
BoMcIman, R.A.. Hsu. It.Y., Boggs, T«Hw, 5., BruMsewiU, Jm Ov. 5., et 

1989. OttmMtit tjaiumlssion ef crttj^cftotw genes tn He chldeen. 

Sdenet 243,533-535. 
TjTvdley, A.» Evans. M.. Knuftrtaa, M.H, RotcnwTJi, Fonnailon of 

gonn-linc chinMrtra* Awn cmbryD-dcriiFcd tattittttafclnoraa cell 

Kflturo 309, 25.'>-aS<K 
BrazoIoL C.U. Pctittt, J.N., Etdws. R./.. VefKadef Gtbblns. A.M.. 1 991. ^ 

Efliciaii ffdiMfdctton of chiclccn cdUtiy lipflftcetloo. nod inooductian of 

tnuiitfeded blastodennal ccti* iw> Ihe tmbcyo. Mol. Rc^inxL Oct. 30. 

304-312. 

Copecchl. M Jlu 1 9?9, Altfiri«ia tJie genome by hpirtfllogcwB rflcombtnPtkirt. 

Sci«i«244s l2fiS-129i 
Capocchi. M R.. 2001 . Ocncratiag mice with largeled mutations. Mnt Mod. 

7, LaS6-l090. 

Cv8iOT««. Clark. M.E.. Vvninder Clbbinii, A.M.. Etches. R J.. 1993. 
CamMTus chimeric «hide£ns from dispereca drmAf blBRtodcmm] C9iu 
and coippmniited fttctplcsit cmbiyoa Dewtiopment 117, W9-fl7.1. 



OHS INFO- FAX Received: 01/24/2005 03:23PM * Pg 10/11 
01/24/2085 15:28 650-558-7799 ORIGEN THERAPEUTICS 



PAGE 10/11 



-^QT AVAILABLE COPV 

J,N, Pafittc 4ft fit. /Hfec/mnlsmncfDtvefopmenf W (2004) ns^-im 1167 



Ghuteji, L. CAth>. D., Rci^emcpn. M., Niclipb, Jh Lc6» 5.» Twccdie, S.. 
Smith, A.. liOO?. FimctionnI exprcM^on cloning of NuiOg. A pluripotcncy 
toUtninin^r factor in embryonic stem cells- Cell 1 13. 643-655. 

ChnnK. I.K. T^jimfl. A» ChikAmnnc T. Ohno. T., 1992a. ProHfcfatlon of 
chick primordinl £cnn cells cultured on stroma celU fh>m die germinal 
ridg&. Ccn Biol. Inc. 19. 143-149. 

Chsng. I.K., Yosliiki, A.. Kiwakibt. M., TajirtiA, A., Chikairttit»B, T., Naito. 
M.4 Ohflfk, T., 1995b. Ocrm Wat chimfirti prruiuccd by inmufcr of 
eultuiVd Cbkk prinMirdinl ^erm ccUs, Cg}1 IjliAj, Int. 19. $69-576. 

Chttii(. |,K.. Jccng. D.K., Hong. Y.H., Ptok. T.S^ Moon. Y.K. Olino. T. 
Han. J.Y.. 1997. E^odoctioo of gcnnline chinieric chlelocnfl by tmufer 
of cultured primordial gcnn oclla. Cell Biol. Int 21. 495-499. 

Conovcr. J.C., Ip, PtnMymlrou, W.T., Ba^c, H.. CAfdMi, M,P., 
DeChiara. T.h4.. YimtcipiKilcM. G.D„ 1993. Ciliniy iieunMmpbic lieictor 
nir^vtnins the pivripotontialitgr of oiDbryonic stem cclli. Dcveloprocnt 
119,559-565. 

E>ii, LX., JIng, 2iCK}3. Hie Invcxtlgalion of cell culture cooditinnfi in 
malfluln chicken &mbry<Mtld xi&m edlik iA DttpMejit c61Ia. ahiah^Aux, 
J. Attirti.SCt. I<i, 1102-1107, 

Etchcj;. RJ.» aailL M.E» Toner, A.. Liu, Gibbiiu. A.M.. 1996. 
ContritNittoas to somalio and gcrmllnc Ilneagca of chicken blutodcrmal 
celts Rialtttftlned In culture. M<tl. lUepmd. Dev. 45. 291-29$, 

Evqnn, M./.. Kaufman. M.H,. ]9S1. BstiibliJihmcnt in culture of 
pluripotcodal cells from mouse cmbcyoi. Katuro 292. t54~IS6. 

Ey&l-Qnodi, H.. Gtiuhitrg, M., PotiviiYiv, A.. 1981. Avimt prrmAttliAl f^nry 
etlU axt ti^ tfjnH^:i\\t rtrigin. J. EmbTynl. IZxp. McTrphoI. 65, 139-147. 

Rn9cr. R.A.. Cbi^icncc R.S.. CJbi):. M£., Etchea. RJ., Gibbins* AM., 
1993. Effident mcoiponttion of mrnitfectcd blftstodcrmal cells Into 
chimeric cbickon embryos. Int. J. Dev. Biol. 37, 381-385. 

Gf^tovic S.. GiusL P.. 1998. Dfifcccntiation of the mouse ensbryold bodlea 
grafted on the ehorioalJontole membraDC of the chlolc embryo. JnL 
J. Dev. Biol. 42, 22S-221L 

Ha, I.Y.. Put, T.$., Kont. Y.K,. ltca\%, O.K., Kim, Kim, Um. 
J.M., Prodwtion of gcmiTine chimcru by tiBncfcr of chicken 
gonads] primordial gcnn cella nuintainod In vitro for an extended 
period. ThcriogcROlogy 58, 1 S3 1 - 1 539. 

Hnriucht. H., TatCRaki. A.. Yrimi.<ihjta. Y.. Kiftarantsii. H.. O^iwit. M,. 
No^ucK. T„ ci M.. 2004, Chicks leukcmin. inhihrtory factor nwintains 
chicken cTnbrycnIc nzm cells in tbc cndiffcrcntiatcd Rtuc. J. Biol. 

Chenv in prc^. 

nimoBee. X. Minn. B. 1974. Todpotcncy tuid normal dtffcrcndation of 
ainisic (emtocnicinoma cclla cloned by iiu'cction into bliMtocysta. Proc 
Natl Aead. Sei. USA 73. S49-S53. 

Kagaml, H» Tagani, Mahnbanu Y.« Hanimi. T., Hanada. H.. 
Manyama, K., at al.. 1997. The developmentaJ origin of primordial 
(CftfrtlCtfb ^nd the titinnninrion of the donor-derived gametes in misccd- 
seii germllne chlmcrofl to the oiT^prtng In the chicken. Mol. Reprod. 
Dev. 48, 501 -5 10. 

F^rtTrtpciic, L.. Fctitic J,r^.. 2000. Solwbk fiictcr? nnd the emergence of 
chick jwifTonJial germ cells in vitro, PouL Sci. 79. 80-85. 

Kflragenc L.. Qmnmon. Y.. Giniiburg. M.. PcCiltc. 1996. Origin of 
prlmondlal germ cd!i In the prentreak chick embryo. Dev. GencL 19, 
290^301. 

Kaiwagucbl, T., Nomiua. EL, Hiriyatna. Y., Kitagawa. T.. 19B7. EstahNsh- 

ment and charactertzailon of a chicken hepalocellular caiclnamn cell 

line, LMK. Caniitt Res 47. 44f>0-4464, 
Le DouOTln. N., McLnien, A„, 1984, Chimerm in Devdepmenl Biology. 

Academic Pr»>A, London; Odando, pp. xiv. 4SG.. 
Ltu, O. (1995). Targeted modiUcaiion of the gcrtome in chicken 

1ila.vodcf mil cell«. ^hD thcftU, Ufllverftity of Cu^lpH, Cuelfil}. Oni. 
MivTtfn. C.R.. 1980. Tcnitpcvcinomn^ nnd mfwnmnlian ambryogcnesia. 

Science 209, 76R-776, 
Martin, Q.R., 1981. halation of a pluripotant oell Una l^om early mouM 

eaibryoit culuimd in medium condicsoniMl by leniiocareinama Jtiem 

cal1«. PtftC. N&tl Aeod. Sei. USA 7S, 7634-7638. 



Mictin, O.R.. Evana, M.J.« t97S. Diflkrentladon of clonal llnea of 

lonttocoTeinonia oells: fonnatioii of embryoid bodiea in vltroi Proo. 

NAtI Acfld. Sci. USA 72. 1441-1445. 
Marzttllo. 1970. Production of chick ehimaerM. IMalwa 22S, 72-73. 
Matsul. Y.* Zacbo. K.. Hogan. B.L.. 1992. Derivation of plur^iotsnUid 

embryonic «tem celln from murine primordiol germ ecll* in culture. Cell 

70. fMl-847. 

MeLachlaii, J.C.. 1982. A Atittpla maihod of pMparing cKick fo^ 

cborio-BlIazitDic grafta. Expertcotia 38. 141-142. 
Mhitz. B,. nimcnsee, K., 2975. Nonnal genetically moaatc mlcepraduoed 

from molignnnt teratOMTcinoma oella, Proc Natl Acad. Sci. USA 72, 

3585-3589, 

MUsui. K., TftkuxiLifvci, Y., ttnh, H« SejjrBWA, K.» MvpiJotmi, M., Tnknbnshi, 
et aJ.., 2003. Th<* hotnAOprnteln Nartngli raqtih«d for mftiniManea of 

plnripotcftcy io mouae eplblast and ES ceDi. Cal) 113, 631-642. 
Mbzdziidc PJB., Borwompinyo. S., McCoy* D.W., Petittc, XJ^., 2003a. 

D«vclopin»nt ^trvu»j!onie ctuckeni expieaaing bocterial bcta-galacto- 

sidnte. Dev. Dyn. 226, 439-449. 
MozdxJak, P.E., Pofihal, S.. Bofwompinyo. S., Peiltte, J.N.. 2003h. 

Trairagcnlc chickena cxpresslag beta-galactosidase hydrolyw lactone 

in the intcadne. J. Nutr. 133, 3076-3079. 
MuiBmatsu. T.. Mizutani, Y^ Ohmori, Y., CXnimura. J.. 1997. Con^pRitaon 

of three nenvinJ tnuwfcction ractbods for fbrvign geno expcesaion in 

Giiily chicken eodnyos in ovo, Bioebem. Biophya. Rca. Commun. 230, 

376-380. 

New, D.A.T., L955, A new technique for the culttvetkm of (he chick 

embryo In vitro. J. SmbcyoL 5«p. Morph^l. 3. 310-331. 
Nichalx. J.. Evanx. E.P.. Smith. A.C. 1990. EstahHthment of germ*Hne< 

competent embryonic stem (£S) goIIb using diffennttation ioUUting 

nctivity. Development 110. 1341 -1348. 
Nieholit. J.. Ch^kmfiMM, 1., .^mitlv A.. 1994. I>ai4v:)tion of germlirte 

competent embryonic Mcra cells with a combbiadon of tDtcrlnjkia-6 

and salable niteric«kio-6 receptor. Exp. Cdl ReF. 215. 237-239. 
Nieuwkoop. F.D., Sutasurya, [..A.» 1979. Piimordial gcnn oelb in Ihc 

ehiydnt«iL: emhry4j$«n<si]t And phylofienefi^ CamhrldKc UnivertHy 

P^s, Cnmhrii^ [^^J; New YoTk, pp. xl, 1$7. 
NolAn. C-M.. Kiltcan, J.K„ Pfttitte, J.N., /irtlti. 2001. Im^trinl mtUA of 

lV]6P/rGF2R and [QF: in chickens. Dev. Genet Bvol. 211. 179-183. 
Pain, B.. Cluk. M.E. Sben, M., Makazawa. H.. Sakurai. M., Samaniu J.. 

Etches, R.J., 1996. Long-teim in vitro cnlturc and chons^riaation of 

nvian emhrynnic jitem cellx with multipEe mrtrpho^enetic pntentinlilies. 

Development 122. 2339-2348. 
Pain. B.. Cttenevier, P.. Samnnit. J., 1999. Chicken cmbrycmie atom oella 

find tmnxgenic xtmtegteai, Celtic Ti^soe^ Qr^nm 16^, 212-219- 
Parte T.S.. Han. J.Y.. 2000. Derivation and choractcrizallon of pluripotcnt 

emljryortic ^erm ttW% in chicken. Mol RepA>d. Dev. 56, 475 -482. 
Parte T.S., Hong, Y.H., Kwon, S.C.. Um, J.M.. Han. J.Y.* 2003. Birth of 

gcrmiine chlmma by tranafer of chicken emhryoalc germ (EG) calLt 

into recipient embryoa. Mol. Reprod. Dev. 6iS. 3B9-395. 
Pony. M.M., 1988. A complete oultuns ayatem fbr tftc chick cmbiyo. Nature 

331,70-72. 

Fbtitte. J.N., Yang. Z. CL994). Method of producing an avian cmbcyontc 

Mem cell cvltiire and the nvian emtnyonic «tem cell cnlnm! produced by 

the pmeeM. Tn U5 patent ^5340740. 
Puittc. i.N.. Kegclmeyer. A£., 1995. Rapid sex dctcimlrutloa of chick 

embryoa using the podymoFaae chain reaction. Anim. Btoteehnol. 6. 

1.19-130. 

Petitta. J.N.. Mrodsdok, P.fi., 2002. Pftkdiietimi of CRUttgeflie poultry. Itu 
Plnkart. QA.. tEd.). Chapter 1 1 In Tfan.^ganic Animal Technology, A 
Labontory Handbook, Academic Fresa, New York. 

Pctitto, hK* dark. M.E, Liu. G.. Vctiindcr Gtbbtna. A.M. Etches. 
R.J.. 1P90. Production of somatic and ^cmlino chimeias in the 
chi«;kcn by trnnsfer of early blnatodcrmnl colls. Developnent 108. 
185-189, 

Pralle, K., Zink. N.-, Wolf. E.. 2002. PluripelEiit «iem cell*— model of 
embryanlc development tool for gene targeting, and b&ais of cell 
thempy. Aimi, Wftol, Gmhiyhl, 31, 169-186. 



« 

01/24/2005 15:26 



OHS INFO- FAX Received: 01/24/2005 03:23PM * Pg 11/11 
650-558-7799 ORIGEN THERAPEUTICS 



PAGE 11/11 



'^CQT AVAIIARI F CnDV 

1 168 J.N. Prtittr rj at, / Mechanimtr cf Dtvehpmnt SIJ (2004) USP-NCa 



Rivfih. D.. FrificdAitiA^r, M., ^yIll-<Hll»Ji H.. 1 976. Nutaiwlar onCggcncsIs hi 

the uterine cMek s^rm carrt'ltat^ with niorphoeenen'c cvGnta. Exp. CeD 

Rca. 100, 195-203. 
Rcnnick. J.L.. Bixicr. US., Cheng, L., Donovan, P.S., 19^ r^rtn^tetin 

proliferation of mouse primoTdial gprm cells In culture. Nuune 

550-5S1. 

RJdu, G.A.. Mendu. N., PH±lph, F,V„ 2003, Tbc pmbryonatcd egg: a 

practical tBrget for genetic biMcd advattces to imprnM peultry 

pniducCHm. PnuJt, 5el. 83. 931—938. 
Rose, T.M., We^fbfd, O.M.. Ounderson, N.L.. Bnicc, A.G.. 1994. 

OncoRtatln M.(OSM) inhihits the difl^rcTitintion of plurlpotcnt 

embcyoftk tXtM ct\U in vitrA. C^kine &. 49^54, 
Roscnblam, C.I.. Chen. H.Y., 1995. Tn ovft trtuitrecilrtn nFchiclccn emTvym 

luinf catlonlc Uponomes. Tfansgenk Res. 4, 19^-19$, 
Rowlett K.4 SlmkUSt Ki» 1987. Explaatcd embr^ eulture: in vim mtd en 

tmm tediniqves: for the domestic fowl. Br. Poult. Sci., 28. 
Sniter. D.W.. Jmfth. E.I., HwghcR. 5.H.. Wright. S£., Crittenden, LJB., 

t987. TKiasscnic chiclceti.t: inittition pf retrovinU genes into the 

chicken Btitm Hne. Vunlosy 157. 236 -24{). 
Snng. H., 2004. Prospects for tmnHgencala In the chkk. Meeh. Dev. 121. 

1179-1196, 

SeOeck, M.A^ 199ri. Culture and micfOAutf ieitl mmipilrttian nf the enrljr 

avinn cmbiyo. Mctliods Cdl Biol. 51.1-21. 
ShamblcNi. M.I.. Axelmim. J., Wane. S** Bagg. E.M., littlcBcId. J.W., 

Oi:nifivftn, Pj„ ct aU 1998. Derivation of pluripotcnt iitcm cells from 

cuitumd humart (irimnrditJ germ cclU. Pmc, hfiill Acnd. Sci. USA 95, 

13726^13731. 

Smith, A.G., Hooper. M.L., 1 987. BufTaio rat ii vtr t&ih ptnduot a difFi»ible 
Eictivit)r which inhibiCR Ihc differentiation of murine emhtymiai 
cnrcinomn and embiyonic stem cells. Dev. Biol. 121, 1 -9. 

Soodeen-Kanutttlli, 3., Cibtrins, A.M., 2001. Apparent Absence of net 3A< 
fromlbe chleta genome. Mol. Repmd. Dev. 58. 137.I4B* 



Spclumijdcr. 0. (1996). Flourescenee activated cell xcirtinK of bnoitfecled 

chictoi bluttodeinia] oelb prior to Ii\]cctlon into raeiplent emlicycM. MS 

thcsiiL Univcinty of Gnelph. Gnelph^ Ont. 
SpcKOTgdcr. G.. Ivnrie. R» 2000. A modifiod method of shell windowitig 

Tnr prttdueini; sQtnntic or ^CTmlinc chimeras in fertilized chicken c^oep. 

Poult. ScL 79, 1430- 
Swift. C.H., 1914. Origin end early hlstoiy of primordid germ cells tn the 

cHdc. Am. J. PfiyBroU 15, 483-516. 
Tada, T., Tada, M., Hilton. K.. Bttrtnn, S-C Sado. T., Tnkngi, K, Smmi, 

M.A., 1998. EpI genotype switching of impriiushla toei in emhyyonic 

gcnn cells. Dcv< Genes Evol. 207, 551-561. 
Thomson, JA., Marahall, V^.. 1998. Primate embryonic xtcm cells. Curr. 

Top. Dev. Biol. 38, 133-165. 
Thomson, J. A.. Itskovitz-EMor. J.. Shapiro. S.5.. Weicnitz. M.A., Swtcrglcl, 
MitrybaO, VJS„ Jonea, J.M.. 1998. Embcyome stem cell linea 

derived Anm buman blafttocyjttit. Seionoo 282, 1 145- 1 147. 
Thoesvil. P., AfiuiasRleff, M., CouMit, F.L^ Lajt.«erra, t^.. Vofdl^, CU 

Coudert, Dambnoe, G., 1995. Gennllne cransnnlsslon of exogenous 

genes in chickeos nsing hclpcr-froc cootiopic aviao hukosis vJnis-bascd 

vttCttvt.t. Tramgf^tic Rci. 4, 369 -',177, 
Tsnnek&wa, N.. Naito. M., Sak&i. Y., Nlshlda, T., Noec, T., 2000. isolation 

of chicken vo^ia hoinoiog gene and tracing die oiigln of prlmordtBl germ 

eelk. Development 127, 2741.-2750. 
Wet. Q.. Cray, B.A., Etches. RJ.. 2001 . Selection of genericatly modified 

chlekcn Uxitodcrmal celh by magneilc^actlviated celf sortihjt- Ptm^i. 

ScL Sa 1671-1678. 
Wolf, B.. Kramer, R.. Polejacva, U Thoenen, H., Brcm, C 1994. Efficient 

generation of chimaeric mice using embiyonje stem cells after lorvg- 

term cnhitt in (he pcenence of cilioiy neurotrophic faetor. Tranigcnic 

ftei.3. t52..l5fi. 

Yong» Z,« PctfttiCt j.N.. 1994. Use of avian cytokines In mammalian 
cmbiyonic stem cell cahune. Poult Sci. 73. 965-974. 



